39 Scutellaria baicalensis and Scutellaria barbata, common medicinal plants of the 40 Lamiaceae family, produce specific flavonoid compounds with antioxidant and 41 antitumor activities, including baicalein, scutellarein, norwogonin, wogonin, and their 42 glycosides. Here, we reported two chromosome-level genome assemblies of S. 43 baicalensis and S. barbata with significant quantitative chromosomal variation (2n = 44 18 and 2n = 26, respectively). The divergence of S. baicalensis and S. barbata occurred 45 far earlier than previously reported, and a whole-genome duplication event was 46 identified. The insertion of long terminal repeat elements after speciation might be 47 responsible for the observed chromosomal expansion and rearrangement. The 48 comparative genome analysis of congeneric species elucidated the species-specific 49 evolution of chrysin and apigenin biosynthetic genes, such as the S. baicalensis-specific 50 tandem duplication of the phenylalanine ammonia lyase (PAL) and chalcone synthase 51 (CHS) genes, and the S. barbata-specific duplication of 4-CoA ligase (4CL) genes. In 52 addition, the paralogous duplication, collinearity, and expression diversity of CYP82D 53 subfamily members revealed the functional divergence of flavone hydroxylase genes 54 between S. baicalensis and S. barbata. These Scutellaria genomes highlight the 55 common and species-specific evolution of flavone biosynthetic genes, promoting the 56 development of molecular breeding and the study of the biosynthesis and regulation of 57 bioactive compounds.
Introduction 64
Plant-specific flavonoids, including flavones, flavonols, anthocyanins,
Hi-C assemblies for the S. baicalensis and S. barbata genomes had high quality ( Figure   152 S2). 153 The S. baicalensis genome comprised 33,414 protein-coding genes and 2,833 154 noncoding RNAs (ncRNA), and 41,697 genes and 1,768 ncRNAs were annotated in 155 the S. barbata genome (Table S4 ). Consistent with the genome assembly quality 156 assessment, orthologs of 93.2% and 94.3% of the eukaryotic BUSCOs were identified 157 in the S. baicalensis and S. barbata gene sets, suggesting the completeness of the 158 genome annotation (Table S4 ). The gene-based synteny between S. baicalensis and S. 159 barbata showed chromosome number variation and structural rearrangement ( Figure   160 1C, Figure S3 , Table S3 ). In addition, the alignment at the DNA sequence level also 161 showed the large-scale structural variations between S. baicalensis and S. barbata 162 genome ( Figure S4 ). and depletion with other interchromosomal sets, implying that these three 192 chromosomes were mutually closer in space than the other chromosomes ( Figure S6 ).
193
In S. barbata, the chromosomal territories of chr4, chr5, and chr9, with mutual 194 interactions, occupied an independent region in the nucleus ( Figure S7 ).
195
As the secondary major structural unit of chromatin packing in S. baicalensis and Figure S8 , Table S10 ).
214
Functional exploration of Scutellaria-specific genes indicated that domains related to 215 secondary metabolite biosynthesis, such as transcription factors, cytochrome P450s, 216 and O-methyltransferase were markedly enriched.
217
In addition, 235 single-copy genes in all tested plants were identified and used to 218 construct a phylogenetic tree, indicating that these two Scutellaria species were most Figure 2B , Table S11 ). [39], and with grape genome, also supported the structural rearrangement between S. Figure 1B , Figure S11 , Table S12 ), providing a potential basis for the co-expression (Table S13 and S14). Compared to S. miltiorrhiza, the 4CLL7 genes from the Scutellaria genus showed gene 305 expansion, and the gene duplication of Sbai4CLL7-1 and Sbai4CLL7-2 occurred before 306 the speciation of S. baicalensis and S. barbata ( Figure S13 ). Sbai4CLL7-1 and duplicated SbaiCHS2-5 genes were more highly expressed in the roots of S. baicalensis 322 than in other tissues ( Figure 3C ), suggesting that their species-specific evolution might 323 be related to the biosynthesis of flavones and their glycosides, which are enriched in 324 roots.
325
C4H is responsible for the biosynthesis of coumaroyl-CoA, which might be the 326 restrictive precursor of the 4'-hydroxyl group involved in scutellarein biosynthesis.
327
Here, we identified high expression of SbaiC4H1 and SbarC4H1 in the stems, leaves, 328 and flowers of S. baicalensis and S. barbata (Figure 3B, Figure S14 ). This high expression level was positively correlated with the distribution of scutellarein, which is 330 biosynthesized in the aerial parts of S. baicalensis and S. barbata (Figure 1B ).
331
The SbaiFNSII2 gene, which has been reported to catalyze the formation of chrysin 332 in S. baicalensis, presented high expression in the roots and stems, and its ortholog Figure S16 and S17), suggesting a high frequency of CYP gene tandem duplication.
354
Among them, 18 CYP82D members containing SbaiCYP82D1-9 and SbarCYP82D1-355 9 were identified in the S. baicalensis and S. barbata genomes; these genes might be 356 responsible for the hydroxylation of chrysin and apigenin (Table S18) and SbarCYP82D6 occurred after the speciation of S. barbata (Table S19) 
